Abstract-This research concentrates on the impact of diffuser and nozzle angles as changed parameters on flow velocity at diffuser passage. Diffuser length, nozzle length, throat diameter are fixed and diffuser and nozzle angles are varied 5̊ to 30̊ and 5̊ to 15̊ while the flow field analysis has been carried out using commercial software ANSYS CFX .The simulation results also show that diffuser and nozzle angles at (30, 15) are the optimum angles that accelerates flow to the turbine. The velocity at these optimum angles are higher than other angles which cause the turbine can generate more power output. After getting the optimal inlet-nozzle diffuser design, numerical analysis for the designed hydrokinetic axial flow turbine with inlet-nozzle diffuser have been performed by using ANSYS CFX. This study also focuses on the flow velocity and pressure variation around the turbine due to the effect of inlet nozzle diffuser. Hence, the installation of diffuser around the conventional turbine significantly increases its power output capabilities. The proposed turbine design is intended to use at the irrigation channel so that turbine diameter and flow velocity is considered based on the selected location. According to the simulation results, incoming velocity 1.50 m/s at the throat of the turbine was increased up to 4.03 m/s and the preliminary designed turbine power output 210 W was increased to 288 W by installing inlet-nozzle diffuser to the hydrokinetic axial flow turbine.
I. INTRODUCTION
ydrokinetic turbines, also called free-flow turbines, generates electricity from the kinetic energy present in flowing water, rather than the potential energy from the head. The prime advantage of these type of turbine is, it doesn't require heavy structure dam, and it provides power output directly from kinetic energy from flowing water. The same concept of horizontal axis wind turbine applies at a much smaller scale regarding river and stream flows with water as the acting medium. In each kinetic case involving axial turbines, power production was bounded by the Betz limit, bounding the efficiency of the unit to a maximum of 0.593. Gilbert and Foreman, developed the concept of augmenting a wind turbine with a diffuser, in annular fashion, negating the Betz limit and increasing the power production of the turbine [1] . Diffuser augmentation was applied to hydrokinetic turbines to improve performance with rotor disk sizes that were approximately two orders of magnitude smaller than typical large-scale wind turbines. Mehmood et. al. investigated numerous diffuser designs for tidal turbine application based on NACA hydrofoils [5] . Through the use of the hydrofoils, Mehmood et. al. was able to produce a 23.3% increase in velocity at the throat of the diffuser. Ohya et al. discovered hollow-structure diffuser is as viable as the shrouded form wind turbine for gathering and quickening the wind. Likewise, they found when utilizing a flange of proper height appended to the external periphery of the diffuser leave, a wonderful increment in wind speed. Aly Mo et. al performed about an improvement and investigation of 2-D axisymmetric CFD model of flanged diffuser [8] .Inlet-nozzle diffuser is collecting-accelerating device which shrouds a hydrokinetic axial flow turbine. The present numerical investigation deals with the effect of low pressure region created by diffuser. Also in this analysis, numerical prediction of flow field around the turbine has been carried out with different diffuser and inlet-nozzle angles.
II. METHODOLOGY

A. Concept of Inlet-Nozzle Diffuser
The efficiency of a horizontal axis tidal turbine depends on marine current velocity and water depth. Diffuser acts as a flow amplifying device to accelerate incoming flow velocity and inlet nozzle help the flow to enter smoothly. Adding a brim to the diffuser which created a large scale separation vortex to the rear of the brim; thus, the backpressure coefficient greatly decreased. www.ijsrp.org water flow velocity, a lower pressure would appear at the back of the turbine to act as a vacuum to suck the water flow and accelerate it towards the blades as shown in Fig 1 . The concept of diffuser is to increase the power output of hydrokinetic turbine by accelerating the flow velocity that approaches the turbine. To get optimum increased acceleration on the water speed, the pressure inside the hydrokinetic turbine should not be lower than the pressure at the wake of the diffuser. The diffuser is such that more water flows through the blade plane, and more power can be generated compared to a conventional 'bare turbine' of the same rotor blade diameter. Fig. 2 shows stream tubes passing through with and without diffuser turbine.
B. Hydrokinetic axial flow turbine design parameters
The energy flux contained in water streams depends on the density of the fluid, cross-sectional area and fluid velocity. The stream power is
The turbine extracted power and electrical output power are
P is water stream power, t P is turbine extracted power, e P is electrical output power and p C is power coefficient.
The rated water current velocity is 1.5 m/s, the mechanical and generator efficiency are 0.85 and 0.9, water density, ρ is 997 3 kg/m (at 25ºC).The length of the blade is equal to 0.3279 m. Subsequently, given the rotor design parameters (e.g., rotor diameter, tip speed, hydrofoil and water current velocity, among others), the main task of the blade design is to determine the chord and twist distributions along the span of the blade. Tip Speed Ratio ( λ ) is ratio of the speed of blade at its tip to the speed of incoming flow and is considered one of the important parameter. www.ijsrp.org
C. Diffuser Augmented Hydrokinetic Axial Flow Turbine with Inlet-Nozzle
The diffuser augmented hydrokinetic axial flow turbines extract more energy than conventional turbines alone. These turbines are more efficient due to flow manipulation and elimination of tip losses. The diffuser augmented hydrokinetic axial flow turbines are smaller in size for the same power. The designed turbine has three blades. The blades have SG-6041 hydrofoil profile. The rotor diameter is 656 mm. The tip gap was kept as small as practically possible i.e. 5-10 mm. The design specifications of the ducted wind turbine model are given in Table 1 . Fig. 3 illustrates geometric parameters of inlet-nozzle diffuser. (5, 10, 15, 20, 25, 30 ) and diffuser angles are (5, 10, 15) respectively. Diameter of throat, diffuser length and inlet-nozzle length are fixed. Diffuser model is prepared using AutoCAD as shown in Fig.4 . Numerical simulations for different angles of inlet-nozzle diffuser were performed to analyze flow characteristics by deploying an unstructured grid finite volume methodology using commercial CFD software (ANSYS CFX 17.0). The accuracy of results produced through a CFD calculation is reliant upon the mesh that is provided for analysis. Basic meshing techniques consist of a structured or unstructured mesh comprised of one of several element types. In this research, the mesh statistics are 106,608 nodes, 553,620 elements. Fig.4 (a) shows the geometry of inlet-nozzle diffuser and Fig.4 (b) shows the mesh of inlet-nozzle diffuser. (ii) Boundary Condition Boundary condition is velocity inlet of 1.50 m/s and pressure outlet of 1 atm as shown in Fig.5 . k-ԑ turbulence model is used due to its good performance for predicting boundary layer separation with adverse pressure gradient.
(iii)Simulation Domain and Results
The CFD analysis provides a detailed information and visualization of water flow over inlet-nozzle diffuser. These outcomes approve the wonder of speed increment at diffuser throat when inlet-nozzle diffuser is utilized. Velocity of stream field is acquired from contours as shown in Fig.6 (a) to (f) and the velocity increase with inlet-nozzle angles.
The velocity variation of diffuser angle 10̊ and inlet -nozzle angle 5-30̊ are described in Fig. 7 (a) to (f) .According to the figures, the velocity at the throat is higher than other locations. After performing the simulation for the diffuser design, it was found that diffuser with greater angle was shown the highest increment of water velocity because of low pressure. These simulation results show that the throat of inlet-nozzle diffuser has the highest flow velocity region which optimal position for the rotor blades in order to get an efficient design of diffuser augmented hydrokinetic axial flow turbine with inlet-nozzle. It is noted that nozzle and diffuser angle (30º, 15,) has the greatest velocity magnitude at the throat as shown in Table 2 .This aspect results in a higher efficiency of the turbine. Fig.9 (a) shows the geometry of hydrokinetic axial flow turbine with inlet-nozzle diffuser. The mesh statistics of hydrokinetic axial flow turbine with inlet-nozzle diffuser are shown in Fig.9 (b) and it has 103, 945, 8 nodes and 123, 610, 64 elements. The dimension of outer cylindrical domain is four times of rotor diameter and length is eight times of rotor diameter. Inlet and outlet boundary condition and computational domain are as shown in Fig 9(c) and (d) . An unstructured tetra mesh is formed in the flow domain for computations.
B. Simulation Process for Hydrokinetic Axial Flow Turbine with Inlet-nozzle Diffuser
(ii)Boundary Conditions In the computational domain entrance, a uniform velocity profile equal to 1.50 m/s was defined. Standard wall functions with no-slip boundary condition are applied on the surfaces of turbine, hub, shaft, inlet-nozzle diffuser, etc. At the domain output, pressure 1 atm was applied. Additionally, a general frozen rotor interface connection between the rotational and the stationary domain was used. The k-ԑ turbulence model has been shown to give good performance for flows with pressure gradients such as those appearing in the diffuser augmented hydrokinetic axial flow turbine flow configuration. Details of the boundary conditions are shown in Table 3 . www.ijsrp.org Fig. 10(a) describes velocity contour, (b) show pressure contour and (c) describes velocity vectors for side view and top view. According from the figures, the incoming velocity starts increasing at the inlet-nozzle and the velocity of the blade tip is higher than that of root. It can be observed from the pressure contour that pressure drop occur across the diffuser. This pressure drop indicates power extracted by the rotor causing its rotation. From the analysis and study on the characteristic of the flow, it was realized that inlet-nozzle can direct and provide a better flow direction and streamlines towards the rotor blades and the diffuser creates the low pressure region that more water flows through the blade plane, and more power can be generated.
IV. RESULTS AND DISCUSSIONS
This research demonstrates the effect of inlet-nozzle and diffuser in flow field of the hydrokinetic axial flow turbine. It is observed that inlet-nozzle diffuser can give high velocity so that turbine power output is increased because power generated by turbine is directly proportional to the cube of velocity. From this flow simulation, it is found that when inlet-nozzle diffuser is applied on bare turbine, it produces smooth inlet flow towards the rotor blades and lower pressure region behind the turbine .Due to this pressure region gives significant increase in mass flow rate available for the turbine and also it produces 44 % increase in power output than bare turbine. Table. 4 shows results of simulation process. Based on the validated CFD method, the flow analysis of proposed hydrokinetic axial flow turbine with inlet-nozzle diffuser around the flow field i.e. pressure and velocity distribution was performed. This study also provided the useful information and technical data for efficient diffuser design which can be used in low water speed conditions. The function of the diffuser is to help accelerate the flow velocity. In this research, the optimal inlet-nozzle and diffuser angles (30º, 15º) was observed to install the small scale hydrokinetic axial flow turbine. This study is regarding the improvement of hydrokinetic power system with more output, aims at determining how to collect the hydro energy effectively and which kind of hydrokinetic turbine can generate energy efficiently from ISSN 2250-3153 http://dx.doi.org/10.29322/IJSRP.8.8.2018.p8020
www.ijsrp.org the water stream. According to the numerical results, the power output was increased from 200 W to 288 W due to the effect of inletnozzle diffuser for the hydrokinetic axial flow turbine. The findings of this research can provide more efficient way for small scale hydropower in remote area.
